Background: Pain frequency has been shown to influence sensitization, psychological distress, and pain modulation. The present study examined if pain frequency moderates the relationship between pain catastrophizing and pain.
INTRODUCTION
Pain catastrophizing is defined as a negative cognitive-affective response to anticipated or actual pain (Sullivan et al., 1995) and has been shown to account for up to 31% of the variance in pain ratings (Severeijns et al., 2001; Sullivan et al., 2001; Edwards et al., 2011; Flor and Turk, 2011; Vase et al., 2012) . Conceptually and empirically, pain catastrophizing shows considerable overlap with anxiety and depressive symptoms, so to test whether it is a unique predictor of pain, associations between pain catastrophizing and pain should be controlled for levels of anxiety and depressive symptoms (Quartana et al., 2009; Khan et al., 2012; Wade et al., 2012) .
Across non-clinical and clinical studies, pain catastrophizing has been shown to contribute significantly to pain levels (Beneciuk et al., 2010; Vranceanu et al., 2010; Lucey et al., 2011) . However, studies examining the unique contribution of pain catastrophizing, i.e., independently of anxiety and/or depressive symptoms, to reported pain ratings have shown mixed results, both when comparing non-clinical and clinical samples as well as comparing within clinical samples (Sullivan et al., 1995; Crombez et al., 2003; Granot and Ferber, 2005; Katz et al., 2009; Meyer et al., 2009; Keogh et al., 2010; Vase et al., 2011) . The varying results do not appear to be related to the type or intensity of pain or to the level of pain catastrophizing nor to common confounding factors such as age, gender and the size of the study (Kjøgx et al., in preparation) . One factor that may influence the relationship between pain catastrophizing and pain ratings is pain frequency. Experimental and clinical studies have documented that repetitive noxious stimulation contributes to enhanced pain perception (Vase et al., 2011; Woolf, 2011) . In addition, higher pain frequency has been found related to increased sensitization (Buchgreitz et al., 2008) , increased levels of anxiety, depression, and distress (Kuch et al., 1993; Spiegel et al., 1994; Fishbain et al., 1997; Zwart et al., 2003; Cathcart et al., 2010) and altered pain modulation (Price and Vase, 2013) . As clinical populations generally experience not only higher pain levels, but also a higher frequency of pain compared to non-clinical populations, and at the same time increased levels of psychological symptoms such as anxiety and depression (Derogatis et al., 1983) , it can be speculated that pain frequency mediates the relationship between psychological factors and pain. Thus, it can be hypothesized that pain frequency may play a greater role for the association between pain catastrophizing and pain in clinical rather than non-clinical populations. Still, it may also influence the relationship between pain catastrophizing and pain in non-clinical populations with a high pain frequency.
Nevertheless, the influence of pain frequency on the unique contribution of pain catastrophizing to pain ratings, independently of anxiety, and depressive symptoms, has not yet been tested in non-clinical and clinical pain populations.
Pain catastrophizing is usually measured with the Pain Catastrophizing Scale (PCS) (Sullivan et al., 1995) . However, so far the PCS has not been validated in a Danish population, and to ensure the validity of the PCS in Danish non-clinical and clinical populations, the psychometric properties of the Danish version of the PCS need to be evaluated.
In the present study, pain catastrophizing, anxiety, depression, pain intensity, unpleasantness, and frequency were assessed in a non-clinical sample (students) and a clinical sample (rheumatoid arthritis and headache patients). In addition, we validated the use of the PCS for assessing pain catastrophizing in Danish non-clinical and clinical pain samples.
We hypothesized that high levels of pain catastrophizing would contribute to pain independently of anxiety and depressive symptoms and that high levels of pain frequency would moderate the relationship between pain catastrophizing and pain levels independently of anxiety and depressive symptoms.
MATERIALS AND METHODS

PARTICIPANTS
Two groups of participants were investigated: a non-clinical sample of 247 university students and a clinical sample of 223 pain patients. The non-clinical sample included 153 undergraduate students enrolled at the Department of Psychology and Behavioral Sciences, Aarhus University (third semester), and 94 undergraduate students attending the Engineering College of Aarhus (second semester). The students completed the questionnaires after class. The clinical sample consisted of two groups of chronic pain patients: 113 patients with rheumatoid arthritis recruited from the Department of Rheumatology, Aarhus University Hospital, during follow-up appointments, where they received written information about the study and were invited to participate, and 110 headache patients recruited from the Headache Clinic at the Department of Neurology, Aarhus University Hospital, invited to participate via e-mail. The headache diagnoses included chronic daily tension-type headaches, migraine, and cluster headaches. All participants gave informed consent prior to their inclusion in the study.
The procedure followed was in accordance with the local ethics standard (The central Denmark Region Committee on Research Ethics) and with the Helsinki Declaration of 1975, as revised in 2000.
PAIN MEASURES AND PSYCHOLOGICAL VARIABLES
Pain measures
Pain intensity and pain unpleasantness were measured with two separate numerical rating scales (NRS) ranging from 0 ("no pain sensation"/"not at all unpleasant") to 10 ("the most intense pain sensation imaginable"/"the most unpleasant imaginable") (Price et al., 1994) . Pain frequency was assessed with three questions adapted from the Diagnostic Criteria for Temporomandibular Disorders (DC-TMD) (Schiffman et al., 2014) . The DC-TMD was chosen as it has previously been used in chronic pain populations and as the validity and reproducibility of the scale is known (Ohrbach et al., 2010; Schiffman et al., 2014) . The questions from the DC-TMD were used as a template and we adapted and used the following questions from the DC-TMD: The total pain frequency score was calculated by summing the scores from all three questions, yielding a maximum score of 10.
Pain catastrophizing
Pain catastrophizing was assessed using a Danish adaptation of the PCS (Table 1 ) (Sullivan et al., 1995) , which instructs participants to rate a number of specific thoughts and feelings when they experience pain on a 5-point Likert rating scale. The standard instruction is: "In this questionnaire we are interested in the thoughts and feelings you have when you are in pain." The PCS consists of 13 items with three subscales: rumination (items 8-11), magnification (items 6, 7, 13) and helplessness (items 1-5, 12). The maximum score is 52, with a higher score indicating a higher level of pain catastrophizing. Permission to translate the PCS was obtained from the authors of the original version (Sullivan et al., 1995) (Copy of the English original is available as Supplementary Material). Two independent translations were compared, and inconsistencies were solved by negotiation. The agreed-upon preliminary version was back-translated into English by a person whose mother tongue was English. Inconsistencies were solved by negotiation and final adjustments were made (Behling and Law, 2000) .
Depression
Depressive symptoms were assessed with the Danish version of the Beck Depression Inventory-Second Edition (BDI-II) (Beck et al., 1996) . The BDI is a self-report measure that assesses affective/cognitive and somatic aspects of depression over the last 2 weeks. The standard instruction is: "Please choose the statement that best describes how you have felt in the past 2 weeks, including today." The BDI consists of 21 items, each with four possible responses (0-3) indicating the severity of the symptom. The maximum score is 63, with a higher score indicating a higher level of depressive symptoms. The validity and reliability of the scale has previously been confirmed (Zachariae et al., 2001; Christensen et al., 2009) . forskellige saetninger, som beskriver forskellige tanker og følelser, som kan vaere forbundet med smerte. Angiv i hvilken grad du har disse tanker og følelser, når du oplever smerte, ved at skrive det tal, der bedst passer til din oplevelse ud for hver saetning. 0 = slet ikke, 1 = i ringe grad, 2 = i nogen grad, 3 = i høj grad, 4 = i meget høj grad.
Nr. Erklaering Score
1. Det bekymrer mig hele tiden, om smerterne vil forsvinde.
2. Jeg føler, at jeg ikke kan mere.
3. Det er frygtelig, og jeg taenker, at det aldrig bliver bedre.
4. Det er forfaerdeligt, og jeg føler mig overvaeldet af smerterne.
5. Jeg føler, at jeg ikke kan holde det ud laengere.
6. Jeg bliver bange for at smerterne vil blive vaerre.
7.
Jeg taenker hele tiden på andre smertefulde oplevelser.
8. Jeg ønsker desperat, at smerten vil forsvinde.
9. Jeg kan ikke lade vaere med at taenke på mine smerter.
10. Jeg bliver ved med at taenke på, hvor ondt det gør.
11. Jeg bliver ved med at taenke på, hvor meget jeg ønsker, at smerten skal holde op.
12. Der er intet jeg kan gøre for at mindske intensiteten af mine smerter.
13. Jeg taenker på om der kunne ske noget alvorligt.
Anxiety
Anxiety symptoms were measured with the Danish version of the Spielberger State Trait Anxiety Inventory (STAI-Y1, state version) (Spielberger et al., 1983) . The STAI-Y1 assesses present cognitive, emotional and behavioral aspects of anxiety. The standard instruction is: "Read every statement and choose the statement that best describes how you feel right now." The STAI-Y1 consists of 20 items with four possible responses (1-4) to each question. The maximum score is 80, with a higher score indicating a higher level of anxiety. The scale has previously shown acceptable internal consistency in a Danish population (Cronbach's alpha = 0.803) (Vase et al., 2011) .
STATISTICS
The analysis of the contribution of pain catastrophizing to pain intensity and unpleasantness was conducted in four steps. In the first step, the bivariate associations between pain catastrophizing and pain outcomes (intensity and unpleasantness) were analyzed with unadjusted linear regression analyses together with the contributions of the possible moderator (pain frequency) and covariates (gender, age, anxiety and depressive symptoms). In the second step, the independent contribution of pain catastrophizing to pain outcomes was analyzed with multivariate linear regressions adjusting for the moderator and possible covariates.
To avoid overfitting, non-significant covariates identified in the second step were excluded in the third step. To avoid underfitting, the significance level was set at a more liberal10 % level in the first and second steps (Babyak, 2004) . In the third step, the hypothesis of pain frequency as a moderator of the association between pain catastrophizing and pain outcomes was analyzed with multiple linear regression following previous recommendations (Baron and Kenny, 1986; Aiken and West, 1991) . Moderation was considered confirmed if the interaction term between the independent variable (PCS) and the moderator (pain frequency) contributed independently over and beyond the contribution of the independent variable and the moderator, while adjusting for covariates that were statistically significantly associated with the pain outcomes of the second step. Adding the interaction term to the equation may introduce considerable multicollinearity, which may lead to problems estimating the regression coefficients. This problem is reduced when the continuous predictors are centered, i.e., variables with a mean of "0" are computed by subtracting the mean of the variable from each value (Neter et al., 1989) . All continuous predictors were therefore centered prior to conducting the interaction analysis. The PROCESS macro (www.afhayes. com) was used in the analysis. In the fourth step, the interactions for each sample and each pain outcome were probed post hoc by examining the simple slopes of the independent variable at specific values of the moderator. The specific values chosen were 1 SD above (high) and 1 SD below (low) the mean. In this analysis, the covariates were omitted to provide a simple visual presentation of the role of the moderator. Statistically significant slopes indicate that pain catastrophizing is significantly associated with the pain outcome at the specific level of the moderator. A significant interaction at step 3 indicates that the slopes are significantly different at different levels of the moderator, when taking the covariates into consideration. The Johnson-Neyman technique was used to identify the level at which the moderator became statistically significant. Missing items were rare in the dataset (<2%) and appeared to be randomly distributed across cases and were excluded in a pairwise fashion (Little and Rubin, 1987) . The statistical analyses were conducted with SPSS, version 19.
For all analyses, p < 0.05 was considered significant, with the exception of the first and second steps of the multivariate linear regression analyses where a less conservative p-level of 0.10 was considered significant in order to avoid underfitting.
ASSESSING THE INTERNAL CONSISTENCY AND FACTOR STRUCTURE OF THE PCS
When assessing internal consistency, an α of ≥0.8 for the total PCS and α's of 0.6-0.7 for the subscales were considered acceptable for indicating internal consistency due to the limited number of items on the subscales (Coolican, 1996) . Confirmatory factor analysis (CFA) was used to investigate if the previously established factorial structure (Sullivan et al., 1995) would apply to different populations, e.g., Danish non-clinical and clinical pain populations. Results from the maximum likelihood factor dimension reduction, oblimin rotation and a fixed number of factors were used. The fixed number of factors was based on a onefactor structure with all items loading on one common factor, a www.frontiersin.org
December 2014 | Volume 5 | Article 1421 | 3 two-factor structure suggested by Osman et al. (1997) , and the original three-factor structure suggested by Sullivan et al. (1995) and further confirmed by other studies of the PCS (Miró et al., 2008; Tremblay et al., 2008; Yap et al., 2008) . Several models of CFA were tested to compare models and several fit indices were used to assess and compare model fits, as this strategy overcomes the limitations of each index (Bollen and Long, 1993; Jaccard and Wan, 1996; Marsh et al., 1996) . The indices used were: (Munthén and Munthén, 2007) .
RESULTS
PARTICIPANTS
The total number and gender distribution of the participants are shown in Table 2 . Four students were excluded because of incomplete data. The mean age of the non-clinical sample [M = 22 (SD = 6.2)] was comparable with the mean age of the original sample used to derive the original scale [M = 20.1 (SD = 5.1)] (Sullivan et al., 1995) . In the non-clinical sample, 39% of participants reported that they were experiencing pain at the present time, but their pain intensity scores were low [M = 0.80 (SD = 1.28)]. Some of the students may have experienced spontaneous pain at the time of assessment but were not excluded from analysis, as they were all confirmed as non-clinical participants. The clinical sample consisted of more than twice as many women as men, and the patients were significantly older (p < 0.000) [M = 45.9 (SD = 15.2)] than the students. Therefore, the subsequent analyses were adjusted for age and gender.
PAIN INTENSITY
Non-clinical sample
As seen in Table 3 , the unadjusted analyses in the first step showed that pain catastrophizing was a statistically significant predictor of pain intensity together with pain frequency and depressive symptoms (BDI) and state anxiety (STAI State anxiety). Neither gender nor age reached statistical significance. In the multivariate analysis at the second analytical step, pain catastrophizing ceased to be a significant predictor when adjusting for the remaining variables. At the third step (Table 3 .2), analyzing the possible moderating influence of pain frequency, pain frequency was found to be a significant moderator (p = 0.04) of the association of pain catastrophizing with pain intensity, while adjusting for the covariate of the BDI, which was statistically significant (p = 0.001) in the second step. The association of pain catastrophizing with pain intensity continued to be statistically non-significant. Post hoc probing indicated that higher levels of pain catastrophizing were associated with higher pain intensity however, only at pain frequency value of 6 or higher, corresponding to 17 (6.9%) of the participants (Figure 1) .
Clinical sample
Likewise, as seen in Table 3 , the unadjusted analyses in the first step showed that pain catastrophizing was a statistically significant predictor of pain intensity together with pain frequency and depressive symptoms (BDI) and state anxiety (STAI State anxiety). Again, neither gender nor age reached statistical significance.
In the multivariate analysis at the second analytical step, only pain frequency (p < 0.001) and age (p = 0.087) reached statistical significance at the 10% level (see methods section), when adjusting for the remaining variables. At the third step (Table 3. 2), analyzing the possible moderating influence of pain frequency, pain frequency was found to be a significant moderator (p = 0.017) of the association between pain catastrophizing and pain intensity, while adjusting for age, which reached statistical significance at the 10% level in the second step. The association between pain catastrophizing and pain intensity now reached statistical significance (p = 0.011). Post hoc probing indicated that higher levels of pain catastrophizing were associated with higher pain intensity at both moderate and high levels of the pain frequency. The value of the pain frequency, at which it reached statistical significance was 6 or higher, corresponding to 160 (73.7%) of the patients. The association was not statistically significant at low levels of the moderator (Figure 2) .
PAIN UNPLEASANTNESS
Non-clinical sample
As seen in Table 4 , the unadjusted analyses in the first step showed that pain catastrophizing was a statistically significant predictor of pain unpleasantness together with pain frequency, gender, age, depressive symptoms (BDI) and state anxiety (STAI State anxiety). In the multivariate analysis at the second analytical step, pain catastrophizing ceased to be a significant predictor when adjusting for the remaining variables, with only pain frequency and depressive symptoms (BDI) being statistically significantly associated with pain unpleasantness. At the third step (Table 4 .2), analysing the possible moderating influence of pain frequency, pain frequency was not found to moderate the association of pain catastrophizing with pain unpleasantness, while adjusting for the covariate of BDI, and the association of pain catastrophizing with pain intensity continued to be statistically non-significant. Post hoc probing showed that pain catastrophizing was not associated with pain unpleasantness at all levels of pain frequency (Figure 3) 
Clinical sample
As seen in Table 4 , the unadjusted analyses in the first step showed that pain catastrophizing was a statistically significant predictor of pain unpleasantness together with pain frequency and depressive symptoms (BDI) and state anxiety (STAI State anxiety). Neither gender nor age reached statistical significance at the 10% level. In the multivariate analysis at the second analytical step, pain catastrophizing, age, and state anxiety were significant predictors at the 10% level when adjusting for the remaining variables. At the third step (Table 4 .2), analyzing the possible moderating influence of pain frequency, pain frequency was found to be a significant (p < 0.001) moderator of the association of pain catastrophizing with pain unpleasantness, while adjusting for the covariates of State anxiety and age. The association of pain catastrophizing with pain unpleasantness now emerged as statistically significant (p = 0.006). Post hoc probing indicated that higher levels of pain catastrophizing were associated with higher pain unpleasantness at both high and moderate levels of the pain frequency. A pain frequency value of 6 or higher indicated the level at which the moderator became statistical significant. A total of 160 (73.7%) had pain frequency scores of 6 or higher. The association was not statistically significant at low levels of the moderator (Figure 4) .
PSYCHOMETRIC PROPERTIES OF THE DANISH ADAPTATION OF THE PCS
The internal consistencies were acceptable for both samples. In the non-clinical sample, Cronbach's alpha's were 0.91 (total PCS), 0.90 (rumination), 0.71 (magnification), and 0.85 (helplessness). In the clinical sample, Cronbach's alphas were 0.94 (total PCS), 0.91 (rumination), 0.70 (magnification), and 0.91 (helplessness). As seen in Table 5 , CFA generally showed the best fit for the three-factor structure. CFI was only acceptable for the three-factor model in the non-clinical sample and for both the two and the three-factor model in the clinical sample. While the RMSEA was only acceptable for the three-factor structure in the clinical sample, the three-factor structure also had an overall better fit than the one-and two-factor models for the non-clinical sample. The SRMR was acceptable for all of the three models tested, but showed a better fit for the three-factor model.
DISCUSSION
When analyzing the possible moderating role of pain frequency, the association between pain catastrophizing and pain intensity was shown to be moderated by levels of pain frequency in both the clinical and the non-clinical sample. Our results from the unadjusted bivariate analyses revealed that pain catastrophizing was statistically associated with both pain intensity and pain unpleasantness in both samples. When adjusting for depressive symptoms and state anxiety in multivariate analyses, pain catastrophizing ceased to be a statistically significant predictor at the 5% significance level for both pain intensity and unpleasantness in both samples. When analyzing the possible moderating role of pain frequency, the association between pain catastrophizing and pain intensity was moderated by the level of pain frequency in both samples. Post hoc probing showed that the moderator reached statistical significance at pain frequency levels of 6 or higher for both samples. In the clinical sample, this cutoff corresponded to 160 (73.7%) of the patients, while in the non-clinical sample; only 17 (6.9%) reported a pain frequency of 6 or higher. For pain unpleasantness, a moderating effect of pain frequency was only found in the clinical sample, again with the moderator reaching statistical significance at pain frequency levels of 6 or higher.
To our knowledge, this is the first study to show that pain frequency moderates the relationship between pain catastrophizing and pain in non-clinical and clinical populations. The potential mechanisms underlying these findings will be discussed. Furthermore, the results of the study supported the psychometric properties of the Danish adaptation of the PCS in both a non-clinical and a clinical sample.
PAIN FREQUENCY AND POTENTIAL UNDERLYING MECHANISMS
The finding that high levels of pain frequency moderated the association between pain catastrophizing and pain intensity and unpleasantness, i.e., independently of anxiety and depressive symptoms, in both non-clinical and clinical populations suggests www.frontiersin.org
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that pain frequency may be central to the understanding of the relationship between pain catastrophizing and pain.
As mentioned in the introduction, previous studies have typically found an association between pain catastrophizing and pain when the relationship was not adjusted for anxiety and depression (Beneciuk et al., 2010; Vranceanu et al., 2010; Lucey et al., 2011) . However, once the relationship is adjusted for anxiety and depression, the results are mixed. These findings are similar to the results of the present study showing a significant relationship between pain catastrophizing and pain when the association was not adjusted for anxiety and depression. Importantly, when pain frequency was taken into account, pain catastrophizing remained significantly related to pain independently of anxiety and depression. The finding that high levels of pain frequency moderate the relationship between pain catastrophizing and pain suggests that pain frequency may be pivotal to understanding the apparently mixed results of the relationship between pain catastrophizing and pain when adjusting for overlapping psychological constructs such as anxiety and depression.
This point of view could be seen as strengthened by the differences observed between the clinical and the non-clinical sample. When pain frequency was low, as seen in the non-clinical sample, the strength of the relationship between pain frequency and pain intensity and unpleasantness was also reduced, limiting the moderating effect of pain frequency (Tables 3, 4 ). Yet, despite the difference in the number of participants who reached a relevant level of pain frequency in the clinical vs. the non-clinical population, it is worth noting that the level of pain frequency at which pain catastrophizing exerted a moderating effect on pain was the same in both groups (6 or higher).
The importance of frequency and the possible underlying mechanisms are also illustrated in longitudinal studies of chronic tension type headache showing that a high frequency of pain leads to increased tenderness and eventually to lowered pain thresholds, thereby supporting the hypothesis that a high frequency of pain leads to sensitization of the nociceptive system (Buchgreitz et al., 2008 ). Also, cross-sectional population-based studies of headache have shown that the higher the pain frequency, the higher the odds ratio for anxiety, and depression independently of the exact diagnosis of headache (migraine vs. non-migrainous headache) (Zwart et al., 2003) . These findings are in agreement with studies indicating that supraspinal sensitivity and attention to and vigilance toward pain may contribute to the activation of pain networks (Bendtsen et al., 1996; Cathcart et al., 2010; Bezov et al., 2011) .
Taken together, these findings suggest that a high frequency of pain is associated with increased sensitization, which has been shown to activate a number of supraspinal structures like thalamus, somatosensory cortices and the anterior cingulate cortex (Staud et al., 2007; Cathcart et al., 2010; Bezov et al., 2011) . This activation may in itself lead to supraspinal sensitization with increased attention to pain, increased hypervigilance, and emotional distress and hence increased levels of pain catastrophizing (Cathcart et al., 2010; Bezov et al., 2011; Vase et al., 2011) . However, pain catastrophizing has also in itself been related to increased activity in areas such as the anterior cingulate cortex and the insula and decreased activity in prefrontal areas, thereby suggesting that pain catastrophizing may be a form of cognitive-emotional sensitization that facilitates nociceptive processing and/or inhibits top-down modulation of pain (Gracely et al., 2004; Seminowicz and Davis, 2007; Cathcart et al., 2010; Vase et al., 2012) . Based on cross-sectional studies like the present, it is not possible to deduce whether a high frequency of pain is implicated in pain causing pain catastrophizing or vice versa, but once these processes are activated, they are likely to reinforce each other. Such reinforcement could involve the anterior cingulate cortex as it has been shown to be involved in the integration of physical, emotional, and cognitive aspects of pain and distress (Staud et al., 2007) . This hypothesis needs to be tested further in experimental studies that manipulate pain frequency and measure the psycho-neurophysiological underpinnings of pain catastrophizing. Nevertheless, the present study suggests that it is important to incorporate measures of pain frequency in future studies as it may be central to the understanding of the relationship between the tendency to catastrophize and the experience of pain.
VALIDATION OF THE DANISH VERSION OF THE PAIN CATASTROPHIZING SCALE
An acceptable internal consistency of the PCS was found for the total scores and subscales for both the non-clinical and the clinical sample. The magnification scale had lower internal consistency than the other subscales. Studies following the work by Sullivan have shown that a low internal consistency for the magnification subscale may be explained by the low number of items (Sullivan et al., 1995; Osman et al., 2000; Miró et al., 2008) . CFA showed acceptable fit in the data for both samples, which is in accordance with previous findings and; overall, the threefactor structure was the best fit for both samples as demonstrated in previous studies (Van Damme et al., 2002; Crombez et al., 2003; Miró et al., 2008; Tremblay et al., 2008) . The Danish version of the PCS is therefore considered valid for use in both non-clinical and clinical populations.
CONCLUSIONS AND IMPLICATIONS
The present study shows that pain frequency may be central to the unique contribution of pain catastrophizing, independently of anxiety and depressive symptoms to pain in non-clinical and clinical pain populations. In future studies it may therefore be helpful to consider pain frequency when investigating the relationship between pain catastrophizing and pain.
LIMITATIONS
Two different clinical pain samples were included in the study. One of the aims of the present study was to validate the PCS in a Danish population. In order to ensure a sufficiently large clinical population we included both rheumatoid arthritis and headache patients, which furthermore allowed us to explore the properties of the PCS across different clinical populations. While this could potentially introduce further variation, the pilot testing indicated that the two clinical groups had similar levels of pain intensity and unpleasantness, and it was therefore decided to combine the two groups in the present study. Furthermore, the final results revealed no significant difference between headache and arthritis patients in pain intensity (p = 0.109) or pain unpleasantness (p = 0.092), suggesting that the two clinical groups were comparable with respects to the variables investigated in the present study.
The influence of pain catastrophizing was adjusted for depression using the BDI. It is important to be aware that the BDI has items that may capture somatic content, which could give reason to a misleading impression of an affective disturbance in clinical vs. non-clinical populations. However, when we directly tested the differences in the BDI scores in the clinical vs. nonclinical populations with and without these items, no significant differences for the two populations were found. Thus, we do not believe that this influences the overall findings of the study.
It cannot be precluded that the relationship between pain catastrophizing and pain could be influenced by additional psychological factors such as anger or fear. However, so far there has been precedence for controlling the relationship between pain catastrophizing and pain for anxiety and depression (Vase et al., 2011; Khan et al., 2012; Wade et al., 2012) and therefore this approach was chosen.
At present there is no stand-alone measure for pain frequency and therefore we chose to measure pain frequency using items from the Research Diagnostic Criteria for Temporomandibular Disorder as this offered a clinically relevant and well-validated measure of frequency. It is, however, important to be aware that the questionnaire also includes questions that relate to pain duration, and it does not standardize the outcome scores as seen in more recent questionnaires investigating frequencyduration-severity as a composite measure (Salamon et al., 2014) . Still, our study is, to the best of our knowledge, the first to explore the role of pain frequency in the association between pain catastrophizing and pain using a clinically relevant measure of pain frequency and to show that this parameter is important in understanding the relationship between pain catastrophizing.
